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Seed-mediated gene flow. Vanetal purty 1 wheat sged production S necessar y for
ag "GROMIC mform:‘{y and 1o enable potes tal market segregaton We conducied a survey of
rified and farm-saved seed samples using a CLEARFIELD herbicide-tolerant wheat vanety

i 2y64 and 2005 i eastern Colerado The objective was to compare vanetal pw ty based on
type of seed j:zroduces and the producer s previous istory of growing CLEARFE L} varieties
Ninety-two samples of bero‘c;de—; uscephble vaneties were taken from certs ed and farm-
saved seed growers. who either produced or had never produced CLEARFIELD wheal
Herbicide-tolerant seeds were detecled using a seed soaking tecnnigue i1 samples fron

gach producear type and each production hustory Levels of herbicide-tolerant seed ranged
from 0% to 11 28% One certified sample and three farm-saved samples exceeded the 0 17
threshold for off-types i certified wheat seed Usinig a two-factor analysis. farm-saved
production class and positive CLEARFIELD nistory increased the estimated propartion of off-
type | :erbsc;de-tofetant seed Based on grower interviews. higher levels of herbicide-tolerant
seed presence were associated with volunteer piants from previcus crops of the tolerant
variety and with mechanical mixture during harvesting Production practices for certified seed
address these factors and may need to be strengthened if more stringent purity critera are
adopted This information is important for risk assessment and policy development for
potential commercial release of transgenic wheat varieties.

Gene flow between wheat and jointed goatgrass. Gene flow between jointed goatgrass and
winter wheat is a current concern because transfer of herbicide tolerance genes from
CLEARFIELD winter wheat cultivars to jointed goatgrass couid restrict weed management
options in winter wheat cropping systems. in the future, potential release of wheat cultivars
with transgenic traits such as drought tolerance could have significant environmental effects ¢
the genes are incorporated into goatgrass pepulations. Our objectives in this study weare (1}
to investigate the frequency of interspecific hybrdization between CLEARFEIELD wheat and
jointed goatgrass in eastern Coiorado. and (2) determine the activity of the herbicide-tolerant
acetoiactate synthase (A/s7) aliele in hybrids of CLEARFIELD wheat x jointed goatgrass and
i hyorids of CLEARFIELD wheat x herbicide-susceptibie wheat Jointed goatgrass was
sampled side-by-side with CLEARFIELD wheat and at distances up to 175 fest away both n
experimental plots and at commercial field study sites in 2003, 2004 and 2005 A
greenhouse screening method was used to identify herbicide-tolerant hybrids in collected
jointed goatgrass seed. The average percent hybridization across sites and years when
CLEARFIELD wheat and jointed goatgrass were grown side-by-side was 0 1% and the
maximum was 1 6% The greatest distance over which hybordization was documented was 50
feet. The CLEARFIELD Alst allele contributed 40% of untreated acetolactate synthase (ALS)
activity in CLEARFIELD wheat x jointed goatgrass F. olants. as measured by an /n vitro ALS
assay [he hybndization rat:: o ween wheat and jointed gf;amrass and expression of the
CLEARFIELD wheat Als1 allele in hybnd plants will both influence trai mtrogression o
winted goatgrass
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The abity 1o estmate gene flow from commerca hea
ercial planting m 2002 of ine cultivar

with the f:rs;tu‘irrze: COMm of i Above al L;A,\
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deveioped by BASHE Corp {;%’sear— |
derived from an induced mutation rather than transgen
However itis conticlied by a smgle gene and is expected (o

same way as a transgenc trag

Most importantly fo;' our studies. the trast can be easiy tracked by evaluating herbicide
tolerance in seeds produced i felds of non-CLEARFIELD culivars adjoming those planted o

era
CLEAPFE D zrwaf Ary of those seeds whose pollen parent was the CLEARFIELD cultivar
tl produce seedings that are tolerant to the herbicide imazamox We took advantage of the
CLEARF,ELD herbicide tolerance trait by undertaking a series of studies in eastern Colorado
wheat growing regions with the following objectives.

(1) to evaluate landscape-level crop-to-crop gene flow from CLEARFIELD wheat io
adjacent fields of non-CLEARFIELD wheat

(2) to compare estimates of gene flow from large-scaie commercial field sampling to
estimates obtaned from smaller expenmental plots.

(3) to evaluate seed-mediated gene fiow in certified and farmer-saved seed lots.

(4) to evaluate landscape-ievel gene flow from CLEARFIELD wheat to jointed goatgrass

(5) to determine the activity of the herbicide-tolerant acetolactate synthase (A/s7) aliele in
hybrds of CLEARFIELD wheat = jointed goatgrass and in hybrids of CLEARFIELD

wheat x herbicide-susceptible wheat.

This repart is organized into three sections corresponding to these objectives. Mare formal
descriptions of these studies are contained in the articles by Games et al. (2007a. 20070,
2008y




Table 1. Relative heading class (RHC) for cultivars used in this study.

Cultivar RHC Number of locations  Number of samples
Above 3 55 b
Akron 5 11 45
Alance 5 3 16
AnKor 5 21 80
Avaianche 3 i5 29
Bond CL 5 4 3
Ennancer S 3 18
Ha't 3 2 7
Hatcner 5 2 t4
ixe & ! &
Jagalens & s 41
Jagger 2 3 SV
Mbhenrmum 5 i
3 1 &)
Gy 72
2 3 24
= 15
: 5
3 %
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siost published work on gene flow has been done m reiatively small expernmsnt siation piots.
rather than in “real world” commercial-scale gids. To compare our resulls from large fisias
(80 acres or greater) with results from much smalier expernmental plots in a similar
envitenment, we conducted a study at the USCA Centrat Great Plans Reseam Station
Akron CO We used a Neider wheel design (Nelder. 1962 for trigls planted i fall of éGuB
and 2004 and harvested the foliowing summer. A centrat 33-x-33-foot bicck of ‘Above’ wa*
surrounded by aiternating strips of the non-CLEARFIELD cultivars Prawrie Red  and 'H
Heading dates, wind speed, and wind directicn were recorded Samples consisted of all
whaat heads within 2 3-foot-x-3-foot area at approximately 3. 10, 25 35 50, 75, 100, and 1258
feet from the edge of the pollen source along eight transects radiating from the central plot in
wagon whee! fashion (Figure 3). In 2004 two additional transects were added north-
northwest and west-northwest directions in some cases, samples were collected up o 230
feet from the pollen source.

{

Figure 3 The Nelder wheel piot at Akron. Colorado.

Because of the smaller number of seeds available from the experimental plots. we evaluated
them with a greennouse screening method rather than the field screening method described
for commercial-scale samples Samples from the 2004 Nelder wheel were planted in soil mix
n rectangutar flats, with two replications of 3680 seeds each At the 2- to 3-ieaf stage plants
were sprayed with imazamox at a rate of 4 cunces per acre in a caibrated spray chamber,
Two days izter. plants were chpped o apprcx:matezy one-half inch above the newest leaf
“lants that re-grew and showed an injured multi-tiltered appearance were entified as
’qatez’oz/gous survwors. Percent PMGE was caicy ‘axed as the number of survivors divided by
the numbaer of emerged ofmﬁs "xu%ti;‘f%zecﬁ by 100 For the 2005 Nelder wheel tnal sampoles
ere screened with a more efficient meth@d (Ga anes 2t al. 2337‘" th :at mvoived soaking
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Paotten-Madiated Ge

Anatysis of vanance of 8 ‘"amp es coflected within 20 feet of the CLEARFIELD culiva
that the rec uﬂnt cultivar year ana the cullivar x year interaction
;P<“ 01} ﬂf?uenu DWSF Jagger Prawe Red' | ang TAM ‘ ding

n RHC 1 or 2 had mean PMGF >1% in at least one year (Figure 4) Ankor in RHC 5 also

had retatively mgh PMGF in two of three years.

Figure 4 Mean percent pollen-mediated gene flow (PMGF} in samples col
feet of CLEARFIELD wheat

!-‘)-“»',"-‘w'y'#-y

Prairie Red (1}
TAM 467 (1) 1

Jagger (2)
Halt {3}

Akron (5} F2Z -
B 2003
w7z 2004
1 2005

Alllance (5}
Ankor (8}
Avalanche (8§}

Enhancer (5}
Hatcher (5)

Jagaiene (8) By
Yuma (5}

Cultivar

Yumar {5)
ke (8} -

Platte (6} f—
Trego (8}

Prowers 99 (8) P
4.0 g.5 1.0 1.8 2.0 2.5

PMGF (%)

Expernimental plots

in the smaller-scale experimental plots. we evaluated a total of 181 samples from the Akron
ste in 2004 and 2005 Samples from 2004 consisted of an average of 875 plants while 2005
samp es had an avefage of 5700 plants due to 2 higher *ﬁroughpuf screening system Only 7
of 98 samples (7%} had deteciabie gene flow in 2004 whereas 17 9, i :
showed evidence of :;férm flow in 2005 Mean :m:i maximum gene flow
maxi mm* distance at which gene flow was detected were ail Iy ‘}r‘ef' 0
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Figure 9. A tolerant wheat plant that survived the imazamox treatment

Leaf tissue samples were taken from surviving plants
for genetic analysis. Using proprietary polymerase
chain reaction (PCR) protocols and primers from
BASF Corporation {Research Park Triangle. NC).
survivors were tested for the presence of the
tolerance gene found in the cultivar ‘Above’ The PCR
protocol allowed determination of whether the
surviving plants were homozygous or heterozygous
for the trait.
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saved seed and a history of producing a given cullivar has the highest probability for
unintentional presence of that cultivar in other seed [ots.

These results were obtained using a non-transgenic wheat cultivar with no marketing
restrzct;or‘fs; but they have implications for policies regarding production of wheat seed with
genetic traits that may be unacceptable i certain markets. A similar study in Canada using
certified cancla found that herbicide tolerance traits could be detected in seed of non-tolerant
cuitivars (Friesen et al. . 2003) and concluded that vanetal punly could not be mamtamed at a
89 75% level Canoia s a cross-pollinated crop and s therefore mare bikely to outeross than
wheat, which is predominately self-pollinated Nevertheless, the results of our study are
consistent with the canola study. indicating that a “zero-tclerance” policy for seed iot ,)a!:gy 5
dnachievabie under current seed produchion practices
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% 1o evaiuate landscape-level gene fow from CLEARFIELD wheat o jomnte

¥ To determune the activity of the nerbicide-tolerant aceislactate synthase |(
in weed-wheat hybrids and 1 hybrids of hersicide-tolerant and -susceptit ‘3( rzeat

tMaterials and Methods

Aybridization between CLEARFIELD imazamox-tolerant (1T} cultivars of winter wheat and

ointed goatgrass was tested at commercial field sites in Colorado where jointed goatgrass

was present as a naturally occurring weed and aiso in several experimental plots where
sinted geatgrass was seeded near two cultivars of IT wheat.

At commercial sites where the |T cuitivars ‘Above’ and Bond CL' were being grown, fields
were scouted and the distance between naturally occurning jointed goatgrass plants and i
winter wheat plants was measured. Jointed goatgrass spikes were harvested by hand w1 June
or July of 2003, 2004 and 2005 from raturing wheat fields (Figure 11)

Figure 11. Field sampling locations for gene flow from wheat to ;omted goatgrass during the

three years of this study Map © Ray Sterner and JHUAPL. ttp /ferni huapi eduistaies




Resulls and Discussion

reading dates for IT wheat and jointed gositgrass were simiar with 50% heading dates
sccurning within three days of sach other Hybndizabon varned among sies and vears with
the foliowing results.

& The average percentage of hybndization between wheat and jointed goatgrass was
0 1% (Table 3y
# The hi ghe& percent age of nybridization i any single sample was 1 6% (Table 3},

¥ The greatest distance over which hybndization was observed to occur was 50 feet
{Table 4}

& Acetolactate synthase function in pure jointed goatgrass was greatly reduced by the
apphication of imazamox herbicide (Table 5)

2 Hybnds between jointed goatgrass and |T Above whneat were nearly as olerant to
herbicide appiications as pure iT "Above wheat, and were more tolerant than hybnds
of ‘Above (IT) and Prairie Red' {{S) wheat (Table 5}

Table 3. Hybndization rates in jointed goatgrass growing side-by-side with imazamaox-tolerant
(T) winter wheat

Number of Number  Percent
Coliection Number of Flants of Hybrid-
Year Site 7 _Samples  Screened  Hybnds  jzation
2004 Commercial fields 1 753 12 1860
Akron. CO 15 8432 13 015
2005 Commercial fields 10 5,783 39 003
Fort Collins, CO ~ "Above’ 10 g 531 1 0.01
Fort Collins, CO ~ Bond CU 10 7277 0 000
Platner. CC 3 2.154 0 0.00
Akron, CO 18 4. 842 i 0.23
Total 67 38772 39 0.10°

? Mean hybridization (%) of all samples.

in this study. hybridization rates were relatively low and hybridization did not occur over long
distances. Other studies have found hybridization at higher rates and over longer distances.
For example. Morrison (2002} found up to 8% hybridization in Oregon and Hanson et al.
{2005a) found hybridization at distances up to 132 feet in Nelder wheel expenments located
in Washington and ldaho. Different environmental conditions may explain the different results
found in this Colorado study.

ihe mighest hybridization rate in a single sample in this study was 1 6% At the site whare this
sample was laken. the farmer had planted IT wheat in a field infested with jointed goatgrass.
intending to spray imazamox to kil the weed. The farmer later decided not to spray because
the wheat piants were not expected 1o yield well. The dense population of jointed goatgrass in
the field increased the likelihood that 1T pollen would be captured by joi inted goatgrass flowser
nstead of wheat flowers. leading to the hugher than average hybndization m this field

Resistance management pians emphasize that jointed goatgrass shouid be removed from |7
wheat fields pefore heading . (o reduce the chance of hybrdization and subsequent transfer of
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Concluzions

Wheat and jointed goatgrass in eastern Colorado hybridize at a relatively low rate in this
study the average percent hybndization when wheat and jointed goatgrass were grown side-
by-side was 0 1% The highest percentage of hybridization in a single sample was 1 6% n a
field where the density of jointed goalgrass was abnormaily hugh due to a management
decision not to control the waeds. Hybridization occurred at a distance of up to 50 feet
suggesting that weed management plans should include the control of weeds in the
mmediate vicinity of a wheat field as well as within the field in order for the tolerance gene to
be integrated into jpinted goatgrass populations. a hybrid plant must successfully cross with
ointed goatgrass. an event believed to happen at very low rates due to the near total stenility
of hybrid plants  However even low-frequency events do occasionally occur and in this case
would represent an environmental risk.

The iT trait s highly effective in jointed goatgrass once transferred. probably because the
variant Als? allele that confers tclerance fo the herbicide constitutes a larger percentage of
the genome in weed-wheat hybrids than it does in wheat-wheat hybrids Weed-wheat hybrids
retained 40% of ALS activity after exposure to the herbicide, white hybnds between herbicide-
susceptible wheat and herbicide-tolerant wheat retained 26% of ALS activity.

Transference of the IT trait from wheat 1o jointed goatgrass represents a risk to the future

effectiveness of imazamox herbicides in winter wheat fields. The initial hybridization rate in
eastern Colorado is reiatively low, and the subseguent backcrossing rate of the hybrids to
goatgrass is even lower, but the high effectiveness of the trait, once transferred. suggests
that tolerance management i1s important if farmers wish to preserve the usefulness of this

weed management tool
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